Background. There has been a significant increase in the use of immunotherapy and cannabis recently, two modalities that have immunomodulatory effects and may have possible interaction. We evaluated the influence of cannabis use during immunotherapy treatment on response rate (RR), progressionfree survival (PFS), and overall survival (OS). Subjects, Materials, and Methods. In this retrospective, observational study, data were collected from the files of patients treated with nivolumab in the years 2015-2016 at our hospital, and cannabis from six cannabis-supplying companies. Included were 140 patients (89 nivolumab alone, 51 nivolumab plus cannabis) with advanced melanoma, non-small cell lung cancer, and renal clear cell carcinoma. The groups were homogenous regarding demographic and disease characteristics. A comparison between the two arms was made. Results. In a multivariate model, cannabis was the only significant factor that reduced RR to immunotherapy
INTRODUCTION
Immunomodulation is a major technique used by cancer cells to silence the immune system's natural response and to continue cancer cell proliferation. The field of immunotherapy in general, and checkpoint antibody inhibitors in particular, has progressed significantly during the past several years and is perceived as a new promise for cancer patients. It includes various therapeutic mechanisms that harness the immune system in order to control malignancy. One major class of immunotherapy that has been approved for clinical use are antibodies of the programmed death receptor 1 (PD-1) or its ligand (PD-L1), which directly inhibits the PD-1/PD-L1 interaction. This inhibition causes apoptosis of the tumor cell, promotes peripheral T-effector cell exhaustion, and promotes conversion of T-effector cells to T-regulatory cells (T-regs) [1, 2] . Anti PD-1 agents have U.S. Food and Drug Administration approval for use in patients with advanced melanoma [3, 4] , non-small cell lung cancer (NSCLC) [5] , and renal cell carcinoma (RCC) [6] .
This growing field had led to increased knowledge regarding immunologic mechanisms and therapies that alter their function. One of the most commonly used therapies that modulates the immunologic balance is glucocorticosteroids. Glucocorticosteroids are extremely potent anti-inflammatory and immunosuppressive hormones. Their actions are mediated by a variety of mechanisms that alter cell numbers and function [7, 8] . Because of their immune suppressive effect, these drugs are not recommended to be used together with immunotherapy and may alter the effectiveness of the treatment. Glucocorticosteroids could even work against the immunotherapy (anti PD-1) by enhancing the expression of PD-1 [9] .
Recently, the therapeutic potential of the cannabis plant in the area of cancer treatment has been discovered and the use of cannabis by cancer patients has increased significantly [10, 11] . In Israel alone,~31,000 people are treated with medical cannabis for several illnesses, including~8,500 oncologic patients. The beneficial effects of cannabis are related to symptoms of the disease: pain, nausea and vomiting, loss of appetite, weight loss, mood swings, and sleep disorders [12, 13] . However, cannabis was found to have immunomodulatory properties as well. Studies examining the effects of cannabinoid-based drugs on immunity have shown that various cellular and cytokine mechanisms are suppressed by these agents, mainly by four mechanisms: induction of apoptosis (of T cells, macrophages, splenocytes, and thymocytes) [14] , inhibition of cell proliferation, inhibition of production of chemokines and cytokines, and induction of T-regs [15, 16] .
Despite knowing the immunomodulatory potential effects of cannabinoids, which may work in the same immunosuppressive mechanism as glucocorticosteroids, there is no contraindication for using them in combination with immunotherapy. To the best of our knowledge, the possible interaction between cannabis use and immunotherapy has not been studied yet. Hence, the purpose of this study was to evaluate retrospectively the clinical influence of cannabis use during immunotherapy treatment with nivolumab on response rate (RR), progression-free survival (PFS), and overall survival (OS).
SUBJECTS, MATERIALS, AND METHODS

Patient Recruitment
The study took place in the Division of Oncology at Rambam Health Care Campus, Haifa, Israel. After approval of the study protocol by the institutional ethics committee (Certificate 0647-16), a retrospective analysis was conducted of all the medical records of patients treated with nivolumab in the Division of Oncology from August 2015 to August 2016.
Inclusion criteria were patients over 18 years of age, stage IV cancer, histological diagnosis of NSCLC or RCC or advanced melanoma, initiation of treatment with nivolumab in the study period, and use of cannabis during the study period (in the arm using cannabis). All patients included an intention to treat analysis. However, analysis was also done with exclusion of patients with survival of less than 2 months on nivolumab treatment, to neutralize other factors that could affect the results.
Patients were deidentified after data were collected from digital and nondigital records. Data extracted from the medical files included demographics and medical history: age, type of cancer, stage (American Joint Committee on Cancer, seventh edition), diagnosis date, smoking status, metastases location, treatment line number, treatment details (start date, end date, adverse events), and cannabis start date, dosage, and way of administration. The response rate was evaluated using RECIST criteria based on imaging assessments carried out every 11-14 weeks. The results relied on the official Radiology reports.
Data related to the cannabinoid products used were collected from six of eight companies that supply these products to patients. Data collected included the product's tetrahydrocannabinol (THC) percentage, the product's cannabidiol (CBD) percentage, the way of administration, and the duration and dates of the product's supply to the patient. (Table 1) The reversed phase high-performance liquid chromatography (HPLC) method was used for detection of phytocannabinoids. The chromatographic separation was achieved using a UHPLC Rapid Separation system (Thermo Scientific, Bremen, Germany), coupled to a diode array detector (DAD). The system was equipped with a HALO C18 column (2.7 μm, 150 × 2.1 mm i.d.) with a guard column (0.5 μm depth filter × 0.1 mm; Phenomenex, Torrance, CA) and a ternary A/B/C multistep gradient (solvent A: 0.1% acetic acid in Milli Q water, solvent B: 0.1% acetic acid in acetonitrile, and solvent C: methanol; all solvents were of liquid chromatography/mass spectrometry grade). Solvent C was kept constant at 5% throughout the run. The multistep gradient program was established as follows: initial conditions were 50% B raised to 67% B until 3 minutes, held at 67% B for 5 minutes (until 8 minutes), and then raised to 90% B until 12 minutes, held at 90% B until 15 minutes, decreased to 50% B over the next minute, and held at 50% B until 18 minutes for re-equilibration of the system prior to the next injection. A flow rate of 0.5 mL/minute was used, the column temperature was 30 C, and the injection volume was 1 μL. Data acquisition was performed in full ultravioletvisible scan mode.
HPLC-DAD Identification of Phytocannabinoids
Statistical Analysis
Chi-square test was used to determine the difference between patients' characteristics in both groups. Logistic regression was used to calculate the odds ratios (OR) with treated only with nivolumab with those treated with nivolumab plus cannabis was made. As shown in Table 2 , no significant difference was found between the two groups in aspects of demographic and medical characteristics. Specific attention was paid to the use of concomitant antibiotics or glucocorticosteroids. In both groups, fewer than 5% of patients were treated concomitantly with antibiotics. Regarding glucocorticosteroids, all patients in the first and second lines of treatment did not receive any concomitant glucocorticosteroids. In the third line of treatment, four patients in the immunotherapy only group and three patients who used cannabis also had glucocorticosteroids concomitantly. The maximal dose was 20 mg of prednisone.
In terms of side effects, a comparison between the two groups was made for the most common side effects of immunotherapy. With the limitation of a retrospective report, no significant difference between the two groups was found (Table 3 ). More than half the patients did not suffer from immunotherapy-related side effects. Fewer than 10% of the patients required high-dose glucocorticosteroids, without differences between the groups. Given the high number of patients diagnosed with NSCLC, a comparison was made between them and the other malignancies (melanoma and clear cell RCC). In addition, to exclude patients with advanced and complicated clinical status, the statistical model was made on patients with overall survival of more than 2 months. Figure 1 demonstrates the RR of the NSCLC group and the other malignancies group when using nivolumab alone or nivolumab with cannabis. A decreased RR is shown in both groups among patients using cannabis with nivolumab. In the NSCLC group, the RR among patients using nivolumab alone was 33.3%, and 17.6% among patients using nivolumab with cannabis (p = .128, OR = 0.43, 95% CI 0.14-1.28). In the melanoma and clear cell RCC group, the RR among patients using nivolumab alone was 43.3%, and 10% among patients using nivolumab with cannabis (p = .084, OR = 0.15, 95% CI 0.02-1.3).
A multivariate stepwise analysis was made to all variables close to statistical significance and showed that the only factor affecting the response to treatment was cannabis (p = .016, OR = 3.17, 95% CI 1.24-8.1). Patients not using cannabis were 3.17 times more likely to respond to treatment.
The same statistical model was used on all patients, including patients with OS of less than 2 months. The model again showed a decreased RR in both groups among patients using cannabis with nivolumab. In the NSCLC group, the RR among patients using nivolumab alone was 24.6%, and 14.6% among patients using nivolumab with cannabis (p = .234, OR = 0.53, 95% CI 0.18-1.51). In the melanoma and clear cell RCC group, the RR among patients using nivolumab alone was 40.6%, and 10% among patients using nivolumab with cannabis (p = .103, OR = 0.16, 95% CI 0.02-1.44). These findings are shown in Figure 2 .
A multivariate stepwise analysis was made to all variables close to statistical significance and showed that the only factor affecting response to treatment was cannabis (p = .031, adjusted OR = 2.74, 95% CI 1.09-6.85).
Data related to cannabis were given by six of eight cannabis-supplying companies in Israel for 37 of 51 patients in the nivolumab plus cannabis group. We could not obtain Data are presented as n (%). sufficient details for the remaining 14 patients and they were excluded from the statistics. All cannabis products in Israel are analyzed by the Laboratory for Cannabinoids Research at Technion-Israel Institute of Technology in Haifa, which provided the data on the products that were used. Because the THC and CBD percentages range was wide, we divided the products to four subgroups depending on the substances' percentage cutoff. We chose 10% as the THC cutoff and 1% as the CBD cutoff.
As shown in Table 3 , THC and CBD percentages did not affect the RR in any group (p = .393 and .116, respectively). The results might indicate a possible paradoxical interaction related to THC level, as patients who had high-THCpercentage products had a better RR to immunotherapy compared with those with low-THC-percentage products.
Most of the patients (75%) used the lowest prescribed monthly dose of cannabis (20 grams), and only 13 patients used a dose of 30 grams or higher during the immunotherapy treatment period. The patients who used cannabis were divided into three groups of users, each including one third of the patients: smoked or inhaled (cannabis flowers only), prepared cannabis oil, or combined use ( Table 4 ). The cannabis dose or way of use did not have any significance on RR.
In univariate analysis, cannabis use was not a significant factor for PFS (p = .27, hazard ratio [HR] 1.25) but was a weak significant factor for OS (p = .045, HR = 1.58, 95% CI 1.01-2.46). In the multivariate analysis, cannabis was not a significant factor for PFS or OS. The significant factors affecting PFS were smoking status (p = .004, adjusted HR = 2.01, 95% CI for HR 1.25-3.24) and existing brain metastases (p = .013, adjusted HR = 2.04, 95% CI for HR 1.16-3.59). The factors that affected OS were smoking status (p < .0001, adjusted HR = 2.41, 95% CI for HR 1.33-4.37), existing brain metastases (p < .0001, adjusted HR = 2.83, 95% CI for HR 1.43-5.57), and low performance status-PS = 2 (p < .0001, adjusted HR = 4.25, 95% CI for HR 1.75-10.34).
To see if cannabis has any weak effect on PFS and OS, a Cox-regression EnTER analysis technique was performed to evaluate the effect of cannabis on improving the quality of the statistical model. The analysis did not demonstrate any improvement on the quality of the statistical model and did not change the HR.
DISCUSSION
The current study demonstrated a possible interaction between cannabis use and immunotherapy among cancer patients, as manifested by a decrease in RR to immunotherapy when using cannabis.
Whereas cannabinoids binding to CB1 receptors mainly result in psychoactive effects, such as analgesia and antiemesis, their binding to CB2 receptors is mainly associated with antiinflammatory and immunomodulatory effects. Modulation of the functional activities of immune cells results in suppression of cellular functions and cytokine production [17] . These suppressive actions have been studied in many disease models, mainly in animals, in both in vivo and in vitro systems. Suppression mechanisms have been also demonstrated in the treatment course of both preclinical and clinical models in humans. Modulatory immune responses were shown in various acute and chronic neuroinflammatory diseases, arthritis, and septic shock [18] [19] [20] . Moreover, preliminary clinical data support a beneficial role of cannabinoids in inflammatory bowel diseases [21] .
PD-1 receptor and its ligand PD-L1 are highly expressed on T-regs and exert a wide range of immunoregulatory roles in T-cell activation and tolerance. The interaction between PD-1 and PD-L1 is involved in attenuating infectious immunity and tumor immunity, and in facilitating chronic infection and tumor progression. It also regulates the induction and maintenance of peripheral tolerance and protects tissues from autoimmune attack [21] [22] [23] . Inhibition of the interaction between PD-1 and PD-L1 harnesses the immune system through different mechanisms and enhances antitumor responses, delays tumor growth, and facilitates tumor rejection.
Patients using immunosuppressant drugs, such as glucocorticosteroids, are less recommended to use PD-1 or PD-L1 inhibitor drugs. Besides their profound effects on the cellular functions of leukocytes and endothelial cells, causing impairment entering to sites of infection and tissue injury and, therefore, resulting in suppression of the inflammatory response, glucocorticosteroids impair a variety of T-cell functions and induce T-cell apoptosis [24, 25] . Their effects in low-moderate doses is more complicated, as they decrease counts of immature naïve CD4+ cells and slightly increase counts of CD8+, memory subsets, Th17+, and mature CD4+ cells [26] .
The analysis did not show a significant difference in terms of OS or PFS due to the cannabis use. The factors affecting OS or PFS (smoking, brain metastases, and low performance status) are known to significantly affect these endpoints regardless of the use of cannabis.
In contrast to chemotherapy, RR is an eminent index for evaluation when using immunotherapy, because it usually shows an interpretation in terms of OS. This demonstrates the importance of being aware of this potential interaction, the need to bring it to the patient's attention, and the need to further investigate this interaction.
The findings of the current study should be evaluated in light of the study's limitations. It is a retrospective study that included a relatively small group of patients and a nonrepresentative sample, given the high number of lung cancer patients. Furthermore, the follow-up period was relatively short.
CONCLUSION
The current preliminary findings demonstrated the effect of cannabis use on cancer patients' response to immunotherapy. Given the increased use of these two therapies in 
